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(71) X Secretary of State for 
Defence, London, do hereby declare the 
invention, for which I pray that a patent may 
he granted to me, and the method by winch 
A is to be perfotmed. to be particularly des- 
cribed in and by the following statement-— 
The present invention relates to variable 
incidence stator blading for axial flow rotary 
machinery such as the compressors and tur- 
bines of gas turbine engines* 
" It is known, in order to improve bothtte 
steady state performance and the handling 
chkraxaeristics of an axial flow rotary ma- 
chine, that the angular positions of selected 
rows of stator blades, mcluding entry aiides 
vanes, need to be regulated awarding to 
preselected rules. Knows method* of cm. 
tnmnz the positions of the blades involve 
theuse of hydrauHc, or fueldraufic, actuated 
2ft nistohs. levers, and rings mounted rotatabry 
Eternal to and surrounding the tmto ma- 
cm^ casing. Recent d^apments mvolve 
^%^i%oeaxn^ drives, flexible shafts 
STd screw dWWth 5^V^f fl ^S 
ating mechanisms some degree of 
is inevitable in the operating rnechwasm. As 
a result completely accuratejpositio^^or 
the blades, other than at positions where tne 
n^vement of the blades is ^ernimed by 
30 : Emhing stops, cannot be precise^ controlleo. 
According to the present invention, an 
axial flow rotary machine includes a cyhn- 
drical casing, at least one row of variable 
incidence stator blades mounted on the cas- 
incr and extending radially inwardly within 
me rasing, and means for varying the angles 
of mddence of the blades including for each 
row a rotatable ring mounted on a bearing 
external to and surrounding the casing ana 
corrected to the Wades, at least one pulley 
mounted radially outside the rmg and con- 
nected to the ring by a continuous belt, ana 
means for driving each-pulley. ' 

Preferably there are two pdUeys mounted 
diametrically opposite one another. 
In one form of the invention the belt is m 



the form of a chain rmming over sprockets 
on the ring and on the pulley or pulleys. 

In another form of the invention the belt is 
in the form of a wrrc preferably a stranded 
wire, which wraps once completely round 
the ring and once completely round the or 
each pulley. The drive means can be by* 
dramatically, pneumatically ox electrically 
driven* In the case of electric drive, pulsed 
or stepper motors can be effectively inte- 
grated directly with digital electronic con- 
trol means of the type currently being in* 
troduced for the control of aircraft gas tur- 
bine engines. . 

The pulley mountings are preferably spring 
loaded away from the casing to ensure that 
the belt remains in tension. The bearing may 
be a ball ox roller bearing, with the rotate 
able ring being the outer race of the bearing. 
Alternatively the ring may be mounted on 
a '" j TT^T jpfamntfal or segmented ring of anti- 
friction material! , 

A plurality of pulleys each to be associ- 
ated with a separate stator row can be moun- 
ted on a single shaft By varying the dia- 
meters of the pulleys differential movement 
of the separate olade rows can be achieved. 

Some embodiments of the invention wul 
now be d^scribedV by way of example only, 
with reference to the diagrammatic drawings 
accompanying the Provisional Specification, 
of which 

Fig- 1 is an elevation in section of a gas 
turbine engine of the type used in air- 
craft - 

Fig, 2 h an end view of a rotatable ring 
mounted on bearings and connected by a 
continuous stranded wire 1 to a pair of pul- 
leys;' 

Fig. 3 is a detail sectional view along the 
lines 33 of Fig. 2> . . * 

Fig. 4 is a detail view in the direction of 
arrow 4 on Ffe 2, # 

Fig, 5 is a . view of a shaft carrying 3 
pulleys and driven by two motors. 

Fig. 6 is a view in the <firection of arrow 
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6 of Eig. 5 showing the mounting of a 
motor, and 

Fig* 7 la a detail end view, contspondicg 
to Kg, 2y and showing an alternative means 
of mounting a rotatable ring. 

An aircraft gas turbine engine shown gen- 
erally at 10 in lug: 1 lias as outer easing 11 
and an Inner carina. 12, Mounted within 
the casing 12 is a rotor having a comprador 
13 connected by a shaft 14 to a turbine disc 
15. lie compressor 13 has a plurality of 
rows of rotor blades as indicated at 16. 
Mounted on the inner casing 12 are a plur- 
ality of zow$ of stater blades as indicated at 
17* Certain of the rows of stator blades 
17 are rotatable by the action of rotatable 
rings such as those indicated at 18, as win 
be described below, to vary their incidence. 

Bach ring IS (Pig, 2 and 3) is the outer 
race of a ball bearing, the Iace 19 q£ 
which is rigidly located with respect to the 
inner casing 12 by spigots such as that shown 
at 20 in Kg. 3. Between the inner race 

19 and the inner casing 12. at each spigot 

20 position, fa a circumferential BeHsviDe 
typo washer 21 which compensates for any 
differential expansion between the casing 12 
and the inner race 19> A contiinuons stranded 
wire 23 passes completely around the ring 18* 
in which it lies in a channel 22> and also 
completely round each of two pulleys 24 
which lie on a diameter of the engine 10 
radialry outboard of the ring 18. As will 
be apparent from Fig. 2 the wire is in con- 
tact with the zing 18 and the pulleys 23 over 
more than 360° of their circumferences. 

Each pulley 24 (Fig. 5) is mounted on a 
shaft 25 driven by a motor 26. Eig. 5 
shows 3 pulleys 24* each for a different row 
17 of stator blades, mounted on a shaft 25 
driven, by two motors 26. Bach motor 26 
(FSg. 6) is mounted on a mounting 27 and 
is spring loaded by a spring 28 away from 
the inner casing 12. 

The stator blades of the rows 17 are ro- 
tataMy mounted on the inner casing 12 of 
the engbe 10. Each blade* one of which is 
shown at 29 in Figs. 3 and 4 is mounted 
within the casing 12 on one end of a rod 30 
carried in a hearag 31. The rod 30 projects 
externally from the casing 12 and at its 
other end is rigidly secured to a lever 32 
an end 34 of which is earned in a recess 33 
in the ring; 18. 

In operation the motors 26 are rotated in 
synchronism so rotating the shafts 25 and 
hence the pulleys 24. Rotation of the pul- 
leys 24 serves through the intermediary of 
the wire 23 to rotate the ring 1& Rotation of 
the ring 18 moves the ends 34 of the levers 
32 so causing rotation of the stator blades 
29.. The motors 26> .which can be hydro- 
marically, ■ pneumatically or efectrjeagy 
driven, are progressively activated in re- 
sponse to various engine parameters accord- 



ing to methods well known in the art To 
prevent overrunning stops (not shown) may 
be fitted either to the motors 26 or to pre- 
vent excessive rotation of the ring 18. 
It will be apparent that in the embodiment 70 



described above any bads applied to the cas- 
ing 12 will be symmetricalry distributed As 
the loads required to rotate the stator blades 
29 are comparatively small the amount of 
tension in the wire 23 to prevent friction 
WUI not be excessive. la any event, when 
stops are fitte d to prevent excessive rotation 
of the ring 18, any slipping of the wire 23 
will be automatically compensated rfnrfop 
one cycle of stator hlade 29 rotation. It will 
also be apparent that as an alternative to the 
Wire 23 a chain running in sprockets in the 
nag 18 and on the pulleys 24 will operate 
as does the wire 23. When using a chain it 
TOl not be necessary for the chain to com- 
pletely encircle the ring 18 and pulleys 24, 
Also using a chain, as the chain need only 
be sufficiently ton stoned to avoid slipping 
a sprocket, so mmimfcm g loading on the 
inner casing 12, only one pulley 24 may bo 
required. 

Many variations of the above described 
embodiment are possible within the scope of 
the rnventiou. For example, the shaft 25 
may be supported adjacent thepuHeys24ia 
spring mounted bearing^ the motors 26 be- 
ing ngidly mounted on the casing 12 in such 
a way as to aBow some end float of the 
shaft 25, It will frequently be possible to 
use only one motor 26 win the undrlven 
end of the shaft 25 being supported by a 
baarjng. Ihis particalarly applies when a 
Shaft 25 has enry on© pulley 24 mounted 
thereon. As an alternative to t>eh>g the outer 
race of a ball bearing the ring 18 can be the 1<H 
o uter, race of a roller bearing; or may, as 
illustrated in I^g. 7 be mounted on a plur- 
ality Of segments such as that shown at 35 
mounted circumfercntialjy around the ca&* 
ing 1^ each segment 35 having a surfece 36 110 
of anti-friction material 

Whilst the above description with refer- 
ence to Figures 1 to 7 refers to rotation of 
carnpressor stator blades, it will be appreci- 
ated that the same drive means can be used * 15 
.to rotate turbine stator blades, 

WHAT I CLAIM IS: — 

L An axial flow rotary machine includ- 120 
mg a cylindrical casing, at least one row of 
variable incidence stator blades mounted on 
the casing and extending radially inwardly 
within the cas ing , and means for varying tho 
angles of incidence of the blades Including 125 
for each row a rotatable ring mounted on 
a bearing external to and surrounding the 
casmg and connected to the blades, at least 
one pulley mounted raxHafly outside the 
ring and connected to the ring by a centra- 130 
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nous belt and means foe driving each pulley. 

2. An axial flow rotary machine as 
claimed in claim 1 wherein there are for 
each rotaiable ring two pulleys mounted dia- 
metrically opposite one another. 

3- An axial flow rotary machine as 
claimed in claim 1 or in claim 2 wherein 
the belt is in the form of a chain which runs 
over sprockets on the ring and on the pulley 
or pulleys. 

4. An axial flow rotary machine as 
claimed in rf*™ 1 or in claim 2 wherein the 
belt is in the form of a wire which wraps 
once completely round the ring and round 
the ox each pulley. 

5. An axial flow rotary machine &a 
claimed in any one of claims 1 to 4 having 
several rows of variable incidence stater 
blades wherein a plurality of pulleys are se- 
cured to a common rotataole shaft 

6. An axial flow rotary machine as 
claimed in claim 5 wherein the pulleys moun- 
ted on a common shaft have different dia- 



7. An axial flow rotary machine as 
claimed in any one of claims 1 to 6 wherein 
(he or each pulley mounting is spring loaded 
away from the casing. 

& An axial flow rotary machine as 
claimed in any one of claims 1 to 7 wherein 
the or each pulley is associated with hydro- 
matic driving means. 

9. An axial flow rotary machine as 
claime d in any one of dawns 1 to 7 wherein 



the or each pulley is associated with pneu- 
matic driving means. 

10* An axial flow rotary machine as 
claimed in any one of claims 1 to 7 where- 
in the or each pulley is associated with elec- 
trical driving means. 

11. An axial flow rotary machine m as 
claimed in claim 10 wherein the dectrical 
driving means include a pulsed motor. 

12. An axial flow rotary machine m as 
claimed in claim 10 wherein the electrical 
driving means include a stepper motor. 

13. An axial flow rotary machine as 
claimed in claim 11 or in claim 12 wherein 
the electrical driving means are integrated 
with digital electronic control moans. 

K An axial flow rotary machine as 
claimed in any one of claims 1 to 13 where* 
in the b earing is a ball or roller bearing. 

15. An axial flow rotary machine as 
c l ai med in any one of claims 1 to 13 where- 
in the bearing is a circumferential ring of 
anti-fnctioii material. 

Id. An axial flow rotary machine as 
claimed in any one of claims 1 to 13 where- 
in the bearing is a segmented ring of ami- 
friction material 

17. An axial flow rotary machine sub- 
stantially as described with reference to the 
drawings accompanying the Provisional 
Specification* 

F. R. ROBINSON, 
Chartered Patent Agent, 
Agent for the Applicant 
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